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Pittsburgh  Atmospheric  Sciences  Institute 
Physics  and  Chemistry  Departments 
University  of  Pittsburgh 
Pittsburgh,  Pennsylvania 


I .  Summary  of  Research 

The  following  research  projects  are  identilled  by  title, 
senior  investigators )  in  charge  of  the  work,  and  task  designation^ ) 
in  the  ARPA  work  statement.  This  summary  only  overs  advances  during  the 
period  since  our  last  progress  report  (dated  April  28,  1971). 

A .  Laboratory  Studies 

1 a .  Radiative  Properties  of  Simple  Molecules  for  Optical  Discrimination 
Studies  (F.  Kaufman)  (Tasks  a  and  d) . 

A  large  number  of  experiments  were  performed  with  modulated  or  steady 

excitation  of  SO^  to  its  excited  singlet  (  lB, )  at  incident  wavelengths 

o  o 

of  2 800,  2900,  3000,  3100,  and  3170A ,  at  about  25A  full  width  at  half 

maximum  Lifetimes  and  quenching  constants  were  measured  at  SO^ 

pressures  from  Go  to  about  30  raillitorr  which  permits  extrapolation 

to  ^»ro  pressure  and  determination  of  the  radiative  lifetime.  The 

radiative  lifetime  appears  to  decrease  from  more  than  100  usee 
o  o 

at  2800A  to  about  25  usee  at  3170A  excitation.  Neither  the  l/r  vs. 
p  p.ots  nor  the  p/I  vs.  p  (Stern-Volmer)  plots  are  linear,  indicating 
that  both  vibrational  and  electronic  energy  transfer  processes  are 
occurring  and  that  possibly  more  than  one  electronically  excited 
3tate  may  be  populated  in  the  initial  absorption  process.  This  would 
oe  in  some  conflict  with  the  presently  available  spectroscopic 
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information  and  will  be  checked  carefully.  From  the  slopes  of  the 
1/t  vs.  p  plots  it  appears  that  quenching  processes  are  very 
efficient,  nearly  gas  kinetic,  and  that  stepwise  vibrational  relaxation 
in  the  electronically  excited  state  is  important,  as  had  been  found 
earlier  to  be  the  case  for  NOg. 

lb .  Radiative  Properties  of  Simple  Atoms  and  Molecules  for  Optical 
Discrimination  Studies  (E.  C.  Zipf)  TTasks  a  and  d). 

Substantial  progress  has  been  made  during  this  report  period  on 
several  electron  scattering  experiments  These  results  are  summarized 
below.  The  Werner  band  measurements  are  particularly  important  be¬ 
cause  they  permit  the  molecular  branching-ratio  technique  to  be  used 

o 

in  absolute  VUV  calibration  work  at  wavelengths  as  short  as  1100A. 

A  paper  describing  this  work  has  been  submitted  to  The  Physical  Review. 
In  this  paper  we  also  describe  the  first  successful  observation  of 
a  rotational-intensity  perturbation  predicted  on  quantum  mechanical 
grounds  by  Julienne.  We  have  continued  with  our  studies  of  electron 
impact  on  reactive  atomic  species  such  as  N  and  0  and  wu  have  been 
able  to  evaluate  the  importance  of  atomic  nitrogen  as  a  source  of 
airglow  and  auroral  emission  features.  We  have  also  made  a  detailed 
study  of  electron-impact  excitation  of  NO.  These  studies  were  prompted 
ly  our  auroral  mass  spectrometer  observations  and  a  paper  describing 
this  work  has  been  submitted  to  the  Journal  of  Chemical  Physics. 

(a)  Electron  Impact  Excitation  of  the  Werner  Bands  of  H^. 

The  Werner  band  system  of  molecular  hydrogen  (C  lJ!  -»  X1?:  *) 

u  g 

was  excited  by  electron  impact  on  and  studied  in  the 

o  o 

wavelength  region  1100A  -  1250A  with  sufficient  instru¬ 
mental  resolution  to  resolve  much  of  the  rotational 
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structure  of  the  bands.  The  absolute  cross  section  for 
the  excitation  of  the  Q1  line  of  each  of  the  prominent 
bands  in  this  wavelength  region  was  determined.  The 
absolute  spectral  sensitivity  of  the  apparatus  was  deter¬ 
mined  by  observing  the  dissociative  excitation  of  Lyaan- 
Alpha  in  Hg  and  Lyman-band  fluorescence  in  HD.  It  vaa 
found  that  the  Varner  bands  are  a  satisfactory  basis  for 
a  spectral  sensitivity  determination  only  if  the  intensity 
measurements  are  made  with  sufficient  resolution  (JVHM  i  0.44). 
The  perturbation  interaction  between  the  B  and  C  states  of 
the  hydrogen  molecule  was  clearly  observed  in  the  rotational 
Intensity  distribution  in  one  set  of  bands;  these  results 
will  be  discussed  in  detail. 

(b)  Electron  Impact  Excitation  of  Atomic  Hitrogen.  The  absolute 
cross  sections  for  the  excitation  of  five  HI  vacuum-ultra- 
violet  multiple  .s  by  electron  impact  on  atomic  nitrogen  were 
measured  from  threshold  to  350  eV.  The  following  results 
were  obtained: 


Multiplets 

X(A) 

Q(max;  cm ?) 

E(max;  eV) 

NI(3s2P  -  2p  3  2P) 

1743 

1.8  x  10( -17 ) 

17 

NI(3s2D  •*  2p3  2D) 

1243 

1.7  x  10(-17) 

17 

NI(3st,P  ♦  2p  3  *•  S ) 

1200 

5.5  x  10(-l6) 

25 

HX(3d?D  -►  2p3  2D) 

1164 

4.0  x  10{-17) 

18 

HI  Up4  '♦P-*2p3  **S) 

1134 

4.8  x  10(-16) 

22 

The  use  of  VUV  absorption  techniques  to  measure  the  absolute 

nitrogen  density  provided  an  opportunity  to  measure  the 

oscillator  strength  of  the  lfl(2p**  HP  -  2p3  **S)  transition. 

e  e 

The  branching  ratio  for  the  HI(  X1164A/ A1311A)  multiplets 
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vu  also  determined.  These  results  will  be  discussed 
in  detail. 

(e)  Electron-Impact  Excitation  of  Atonic  lltroccn  In  the 
Terrestrial  Alrglov.  The  absolute  cross  sections  for 
the  excitation  of  II  transitions  in  the  vacuum  ultra- 
violet  due  to  tbs  Upact  of  lew-energy  electrons  on 
atonic  nitrogen  have  been  Measured  In  the  laboratory. 

The  cross  sections  for  the  resonance  transitions  at 
113*1  and  1200A  are  quite  large  [Q(aax)  ~  5  x  10“l6cm2] 
while  the  exaltation  cross  sections  for  other  II  transitions 
in  the  VUV  are  comparatively  snail.  When  the  absolute  cross 
sections  for  the  direct  excitation  of  I  are  eompared  with 
the  corresponding  cross  sections  for  dissociative  excitation 
of  Hg,  striking  differences  in  shape  and  msprttude  are  found 
to  exist.  In  principal t  these  differences  permit  one  to 
estimate  the  density  of  atonic  nitrogen  in  the  upper  at¬ 
mosphere  from  an  examination  of  VUV  spectra  obtained  by 
satellites  and  sounding  rockets.  All  data  published 
to  the  present  indicate  that  the  Observed  ll  emissions  in 
the  day  alrglov  and  aurora  are  predominantly  molecular 
in  origin,  and  Amply  very  low  atomic  nitrogen  densities 
above  1*0  km. 

(d)  Electron-Impact  Excitation  of  litrle  Oxide.  The  Absolute 
cross  sections  for  the  excitation  of  the  10*  Bee r-Mies char 
bands  (A*nu  ♦  two  nitric  oxide  0'  bands  (0'  X*nr)t 

and  several  atomic  nitrogen  multiple ts  in  the  vacuum  ultra¬ 
violet  by  electron  lnpact  on  10  have  been  measured  over  an 
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energy  range  extending  fro*  threshold  to  300  eV.  The 
variation  of  the  dipole  transition  aoaent  for  the  HO 
(Aln^  -*•  X  )  band  system  vaa  also  date  mined. 

2.  Clean  Air  Chemistry  and  Chead. luminescence  (F.  Kaufman)  (Tasks  a  and  d). 

(a)  In  order  to  obtain  strictly  comparable  values  for  the  0  ♦  HO 

radiative  rate  constant  as  function  of  pressure  and  vave length ,  the 

01  resonance  light  source  (He  plus  trace  0g  discharge)  and  detector 

(NO  photoionisation)  were  /extensively  calibrated  by  producing  known 

concentrations  of  0  in  the  flow  tube  fro*  excess  N  with  a  small, 

measured  flow  of  added  NO  and  comparing  the  experimentally  observed 

absorption  with  a  computer  calculation.  In  this  calculation  Doppler- 

shaped  lines  of  the  emitted  triplex ,  whose  intensity  ration  range 

from  5:3:1  for  negligible  optical  depth  in  the  source  to  lower  ration 

cons lr tent  with  any  given  optical  depth,  are  absorbed  by  the  three 

J-states  of  atomic  oxygen  in  thermal  equilibrium  in  the  large  flow 

tube.  In  this  manner,  a  given  0-concentration  (measured  by  M  ♦  NO) 

and  measured  light  absorption  (Integrated  over  the  triplet)  uniquely 

determines  the  extent  of  s  ource  "broadening" ,  1 .e .  the  0-concentration 

in  the  source.  It  is  this  latter  parameter  which  is  quite  variable 

and  almost  impossible  to  set  experimentally  with  any  degree  of 

reliability,  probably  because  of  slight  o^rgen  evolution  from  the  glass 

vails  in  the  discharge  region.  The  problem  is  thus  subverted  by 

calibrating  the  light  source /absorption  system  lsnmdlately  before  and 

after  each  experismnt  in  the  above  smuwer.  An  extensive,  new  series 

of  radiative  rate  constant  measurements  at  pressures  from  0.5  to  100 

e 

millitorr  and  wavelengths  from  4000  to  7800 A  were  carried  out,  end 
were  properly  corrected  for  source  broadening.  They  show  the  predicted 
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decrease  of  the  pseudo-blmolecular  rate  constant,  IQ  fron  the  higher 

hiih 

to  the  lover  pressures,  and  they  also  shoe  that  the  ratio  IQ  */ 

I  low  decreases  sharply  fron  about  6  at  and  above  60001  to  about  1.5 
o 

•  # 
at  k050A.  This  arises  fron  the  fact  that  k050A  is  close  to  the  high 

e 

energy  threshold  of  the  cheniluninescence  (~3975A)  eo  that  virtually 
every  collision  which  results  in  sons  vibrational  relaxation  (and 
these  occur  with  roughly  gas-kinetic  cross  section)  renoves  the  emitting 
W02*,  i.e.  the  emitters  at  the  wavelength  are  mainly  unstabilised 

collision  complexes ,  whereas  at  longer  wavelengths  they  include 

e 

many,  partially  vibration  ally  relaxed  ROg  molecules.  The  recent 
experiments  bear  out  very  nicely  the  correctness  of  our  general 
mechanism.  Miss  Cody  has  completed  all  necessary  experiments  and  most 
of  her  Ph.D.  dissertation  which  she  le  expected  to  defend  within  one 
to  two  months. 

(b)  The  completed  experimental  study  of  the  important  0  ♦  0^  20g 

reaction  was  fully  analysed  and  written  up  as  a  Ph.D.  dissertation 
by  Mr.  McCrumb.  The  best  least  squares  computer  fit  to  all  data 
points  from  296  to  409°K  gave  an  Arrhenius  expression  of  1.78  x  10* 11 
exp  (-U.U6kcal/RT)  cm^sec*1,  slightly  different  from  the  earlier 
expression  which  was  based  on  a  graphical  fit.  Mr.  McCrumb  successfully 
passed  his  Ph.D.  final  examination  and  is  now  preparing  a  condensed 
version  of  hie  work  for  publication  in  the  Journal  of  Chemical  Physics. 

The  flow  apparatus  has  been  substantially  modified  by 
Dr.  J.  0.  Anderson  for  the  study  of  OH  reactions  of  stratospheric  and 
mesospheric  importance  such  as  OH  ♦  0^,  OH  ♦  HOg  ♦  M,  OH  ♦  HO  +  M,  etc. 
This  ie  accomplished  by  placing  a  fixed  fluorescence  cell  downstream 
of  the  heated  or  cooled  reaction  section  and  adding  the  stable  reactant 
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(HC>2  or  0^)  through  a  Movable  inlet  tube.  Excellent  sensitivity 
and  dynaaic  range  have  been  achieved  for  the  OH  density  aeaaureaent, 
and  the  desired  reaction  rates  will  soon  be  Measured. 

3.  Energy  Partitioning  in  Metal  Aton  Chenl-Excitation  (M.A.  Blond!  and 
F.  Kaufman) 

A  new  experimental  systeM  was  designed  and  built  for  the 
study  of  the  translational  energy  release  in  sodiuM  aton  excitation 
reactions  by  Means  of  line  shape  studies  using  a  Fabry-Perot  inter- 
feroMster.  Much  difficulty  vas  encountered  with  a  coanercial,  pieso- 
electric  scanning  interferoanter  which  did  not  Meet  specifications 
in  various  vays  and  several  of  whose  conponents  had  to  be  returned  for 
repair  or  replaceaent.  An  overall  finesse  of  20  to  2$  was  finally 
obtained  with  good  reproducibility,  but  the  stability  and  drift  prob- 
len  is  not  yet  fully  under  control.  SxperiMsnts  could  be  perforned 
successfully  for  two  systeae,  Ha  ♦  Clg  and  Ha  ♦  "active  nitrogen". 

The  latter  is  the  More  important,  because  it  has  direct  bearing  on  the 
question  of  energy  transfer  froa  vibratlonally  excited  Kg  to  Ha.  It  is 
also  experiasntally  easier  to  study,  since  sufficiently  bright  light 
•mission  is  observed  at  Ha  teaperatures  as  low  as  x80°C  (where  the 
optical  depths  is  reasonably  low)  whereas  the  Ha  ♦  Clg  glow  is  until 
now  observed  only  above  about  260°C.  A  coaputer  prograa  was  developed 
which  generates  Doppler-shaped  Ha  line  profiles  (including  hyperfine 
structure)  as  function  of  teaperature,  and  folds  in  the  desired  exper- 
i aental  finesse.  Preliainary  results  for  the  Ha  ♦  H  systea  indicate  a 
normal  (un re versed)  line-shape  and  a  relatively  low  translational 
tenperature  ( <  1000°K).  It  has  not  yet  been  deterained  whether  the 
excitation  is  due  to  H-atoas ,  i.e.  to  the  highly  excited  Hg  species 
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fonmd  early  in  the  recombination,  or  to  Rg  f*0*  di* charge 

at  more  moderate  excitation  energiei  (-2  eV,  near  V«8  or  9)*  The 
Hg  discharge  flow  line  has  a  titration  inlet  upstream  of  the  emission 
cell,  and  in  future  experiments  it  will  be  possible  to  add  "tltraat" 
species  such  as  HO,  which  removes  >  and  produces  hJ  ,  or  OOg,  which 
relaxes  rJ  but  does  not  react  with  R,  in  order  to  clarify  the  pre¬ 
cursor  species  in  this  energy  transfer. 

!».  Hautral-Meutral  in  Crossed  Beams  (W.L.  Fite)  (Tasks  a  and  d) . 

The  crossed  beam  studies  of  the  reaction  Ba  ♦  Og  has 
proceeded  veil  during  the  past  six  months .  Signal  quality  has  improved 
and  a  very  satisfactory  curve  of  angular  distribution  of  BaO  hoj 

last  been  obtained.  Istlmates  of  the  reaction  croes  section  have 

— 16  2 

increased  slightly,  to  a  flew  timss  10  cm  .  Phase  spectrometry 
measurements,  used  to  determine  the  Men  velocity  of  the  reaction 
produete  have  been  confusing.  Although  the  data  appears  reasonably 
satisfactory,  ve  have  not  been  able  to  reconcile  in  detail  the  data 
with  any  of  the  standard  simple  models  of  the  reaction  dynamics.  Of 
particular  concern  is  the  fact  that  at  bom  laboratory  angles,  the 
signal  phMes  as  a  function  of  modulation  frequency  suggest  that  the 
reaction  products  emitted  transversely  to  the  line  of  centers  of  the 
reactants  in  centsr-of-mass  coordinates  have  a  total  kinetic  energy 
of  about  0.3  eV  (therefore,  leaving  about  0.3  eV  in  internal  energy 
in  the  BaO) ,  but  that  at  other  angles  the  division  of  energy  between 
kinetic  and  Internal  energy  changes. 

Variation  of  temperature  of  the  Ba  did  not  reveal  discernible 
changes  in  apparent  rate  coefficients,  which  permits  the  estiMte 
that  cross  section  for  the  triplet  Barium  Mtastsble  atom's  reaction 


cross  section  is  not  isors  thsn  about  one  order  of  magnitude  greater 
than  the  groundstate  Barium  atom' a. 
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Attempts  are  currently  being  made  to  obtain  a  better 
absolute  value  for  the  groundstate  atom's  reaction  cross  section. 

5 .  Processes  Involving  Metastable  Species  (E.C.  Zipf)  (Tasks  c  and  d). 

We  have  continued  with  our  atudiea  of  argon  atoma  in  the 
metastable  Ar(  3PQ  g)  state  with  special  eaphasis  on  airglotr  and  auroral 
applications.  This  work  has  yielded  a  number  of  interesting  results 
which  are  summarised  below: 

(a)  Collisional  Deactivation  of  Metastable  Ar(3P.  ,0)  Atoms 
and  Ng(A%u+)  Molecules.  In  a  series  of  afterglow 
experiments  ,  we  measured  the  rate  coefficients  for  the 
collisional  depopulation  of  argon  atoms  in  the 
metastable  3PQ  2  state  by  Ar,  CO,  Ng,  and  Og,  and  we 
found  that  k(Ar)  ■  2,2  x  10(— 15 )  cm  3/aec ,  k(C0)  » 

1.5  x  10(-11)  cmfysec,  k(Ng)  »  2.8  x  10(-ll)  cm3/sec, 
and  k(02)  ■  1.2  x  10(-10)  cm3/sec.  Inelastic  collisions 
between  metastable  argon  atoms,  resulting  in  the  ion¬ 
ization  of  one  collision  partner,  were  also  observed 
and  from  simultaneous  electron  density  measurements  we 
obtained  a  tentative  value  of  5  x  10(-10)  cm '/sec 
for  the  corresponding  rate  coefficient.  The  excitation 
of  the  2nd  Positive  System  of  Ng(C3n  ■*  B3n  )  ,  produced 
by  the  depopulation  of  metastable  argon  atoms  by  Ng,  was 
studied  in  detail  and  the  specific  rate  coefficient  for 
this  important  process  was  found  to  have  a  value  of 
1.2  x  10(-13)  cm3/sec.  The  collisional  deactivation  of 
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Mtastable  sole  cults  by  CO,  02,  tad  A r 

vu  also  studltd,  and  the  foil  owing  rate  coefficients 
vere  obtained:  k(C0)  *  1.?  x  10(-12)  cafysec, 
k(0g)  ■  3.0  x  10(-12)  e*3/see,  and  k(Ar)  <  8  x  10(-17) 
ca3/sec. 

6.  Ion  Molecule  Reactions  and  Excitation  Processes  in  a  Fast  Flow  Systea 
(F.  Kaufaan)  (Tasks  a  and  b). 

The  studies  of  water  cluster  foraation  rates  of  NO*  and 
0*  vere  successfully  concluded.  In  the  NO4  work  the  aechanisa 
involves  the  steps 

NO*  ♦  HgO  *  M  £  NO*  .  HgO  ♦  M 

+  2  ♦ 

NO  .  H20  ♦  HgO  ♦  M  J  NO  .  2HgO  +  M 

-2 

♦  3  + 

NO  ,  2H20  ♦  H20  ♦  M  J  NO  .  3H20  ♦  M 

-3 

+  *♦  + 

NO  .  3HgO  ♦  HgO  H30  .  2H20  +  HONO 

all  of  which  vere  asasured  directly  and/or  by  consistent  co^uter  fit 

for  four  M,  He,  Ar,  02  and  N2,  i.e.  a  total  of  21  rate  constants 

vere  obtained,  since  k^  does  not  involve  M  and  should  therefore  be 

identical  for  all  M  within  the  error  bars  of  the  data.  This  vas 

found  to  be  the  case.  A  paper  describing  this  work  vas  subaitted  to 

and  accepted  by  the  Journal  of  Chealcal  Physics. 

The  02*  clustering  sequence  vas  studied  in  M  ■  He,  Ar, 


02*  .  HgO  ♦  M 


and  N2>  It  consists  of  the  steps 
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02*  .  HgO  ♦  HgO  ^  H30+  .  OH  ♦  02 

HjO*  ♦  OH  ♦  02 

with  additional  routes  to  form  Og*  .  HgO  in  the  presence  of  much 
02  or  1*2  wia 

+  3  + 

Og  ♦  Og  ♦  M  j  0k  ♦  M 

-3 

0/  ♦  HgO  1  0g+  .  HgO  ♦  Og 
or 

°2+  ♦  » ♦  M  +  Og*  .  *g  ♦  N 

-5 

°2+  .  *2  ♦  HgO  i  Og4  .  HgO  ♦  Hg  . 


7. 


These  latter  steps  lead  to  an  ineeree  dependence  of  the  apperent 
pseudo-first-order  rate  constant  for  Og*  decay  on  the  concentration 
of  added  H_0.  This  nakes  possible  the  Indirect  aeasureaent  of  eery 

°2  h 

slow  reaction  rate  constants  such  as  k.  and  k_  which  wera  found 

3  5 

to  be  2.5  x  IQ'30  and  8  x  10“31cm*/eec,  respectively.  Consistent 

computer  fits  to  the  shore  reaction  schene  were  again  Obtained. 

A  publication  describing  this  work  is  in  preparation. 

Reactions  of  Metal  Atone  with  lens  in  Magnetically  Confined  10* 
Plasmas  (W.L.  Fltel  flasks  b  and  7T. 


Progress  in  this  experiment  has  been  relatively  slight 
during  t>e  past  six  months  since  during  this  period  the  graduate 
student  (L.  M.  Clendennlng)  was  writing  his  thesis  based  on  this 
experiment.  It  did  become  apparent  during  the  course  of  his  thesis 
writing,  that  the  slight  inhomogeneities  in  the  magnetic  confining 
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fl«ld  introduce  considerable  complications  into  the  analysis  of 
results  that  lead  to  absolute  croes  sections.  Rather  than  atteapt 
to  go  through  the  detailed  analysis*  the  results  of  which  would 
always  contain  considerable  uncertainties*  it  was  decided  to  alter 
the  apparatus  in  such  a  way  as  to  reduce  the  nagnetlc  field  in- 
hoaogeneities  and  nade  the  analysis  required  aore  siaple.  This  work 
has  been  going  on  since  Nr.  Clan denning  left. 

Interestingly  enough,  the  field  inhoaogenelties  work  in 
such  a  way  as  to  bias  the  results  for  the  ratio  of  ion-atoa  reaction 
to  charge  transfer  reaction  in  the  positive  direction*  i.e. ,  detection 
of  ion  atoa  reaction  is  aore  sensitively  done  than  detection  of 
Charge  transfer.  This  iaplles  that  our  previous  stateaents  that 
charge  transfer  strongly  dominates  over  ion-atoa  reaction  can  be  made 
even  aore  strongly. 

6.  Ion-Molecule  Reactions  at  llevatcd  Teaperature  (M.A.  Blond!) 

(Tasks  b  and  IT 

The  drift  tube  eaasureaents  of  the  reaction 
U*  ♦  Og  UO*  ♦  0 

have  been  coapleted.  A  rate  constant  of  8.5  a  10-1®  ca3/see  has  been 
found  at  theraal  energy  (300*K)  decreasing  to  7  a  10”10  catysec 
at  a  aean  kinetic  ion  energy  of  11  eV  (in  lab  fraas) .  The  experiasntal 
uncertainty  of  these  rate  constants  is  estlaated  to  be  about  t  20%. 

The  corresponding  reaction  of  U+  with  nitrogen  has  also  been 
Investigated.  Ho  reaction  is  observed  to  occur  in  the  energy  range 
froa  theraal  to  11  eV  indicating  that  this  (endothermic)  reaction  is 
probably  very  slow  (less  than  10”1*  ea3/sec). 

In  the  course  of  the  uraniua  experiments  it  was  discovered 
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that  tone  neutral  uraniua  vapor  diffused  from  the  ion  source  into 
the  drift  tube.  While  this  was  of  little  consequence  for  the  reaction 
rate  aeasureaents ,  this  effect  also  provided  a  staple  way  to  test  if 
a  reaction  of  neutral  uraniua  with  Og  would  produce  uraniua  oxide  in 
ionized  fora,  as  suggested  by  soae  investigators.  The  fact  that  no 
ionised  products  were  observed  when  the  ion  source  was  biased  such 
that  no  ions  could  enter  the  drift  cell  is  a  strong  indication  that  a 
reaction  of  neutral  uraniua  with  Cl  is  not  likely  to  result  in  ionised 
products,  The  results  of  the  uranium  experiaents  were  presented  by 
R.  Johnson  at  the  24th  Gaseous  Electronics  Conference . 

The  evaporative  ion  source  developed  for  uraniua  ions  is 
also  found  to  be  suitable  for  production  of  aluainua  ions  when  the 
uraniua  satal  is  replaced  by  aluainua.  The  reaction  of  aluainua  ions 
with  Og 

Al+  ♦  Og  -  A10*  ♦  0, 

is  endotheraic  by  about  3.5  eV  and  cannot  be  expected  to  occur  at 
energies  available  in  a  drift  tube  experiaent.  In  agreeasit  with  this 
expectation,  no  reaction  products  froa  Al*  were  found  when  Og  was  ad- 
ait  ted  to  the  drift  cell. 

A  recurring  problea  in  interpreting  drift  tube  data  is  that 
of  specifying  the  drifting  ions'  velocity  distribution.  Without  this 
knowledge  the  conversion  of  the  asasured  rate  constants  to  the  aore 
basic  reaction  cross  sections  is  not  possible.  Since  very  little 
progress  has  been  nade  in  the  theozy  of  ion  energy  distributions  in  the 
last  twenty  years  (following  0.  H.  Wannier's  contribution)  we  have 
decided  to  investigate  the  problea  experlaentally.  To  study  the 
feasibility  of  employing  a  retarding  potential  technique,  we  have  placed 
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a  fin*  grid  between  th*  drift  tub*'*  exit  orific*  and  th*  mii 
apeetroaatar  and  hay*  takan  a  nuaber  of  retarding  potential  curve* 
at  varlou*  value*  of  E/p  and  for  a  nuaber  of  ion*  with  different 
■aasa*  (Ha4,  0+,  0*  ,  and  X*4).  The  results  are  in  qualitative 
accord  with  our  expectation*.  Qrosa  feature*  such  a*  the  shift  in 
the  aean  energy  and  the  increasing  width  of  the  distribution*  with 
increasing  E/p  cm  be  read  easily  froa  the  retarding  potential  curve*. 
However,  a  nor*  careful  desiei  of  the  retarding  electrode*  to  avoid 
problea*  with  contact  potential*  will  be  needed  before  this  technique 
cm  be  used  to  provide  quMtitativ*  data  on  ion  energy  distributions. 

A  mm*  of  experlasntally  determining  velocity  distributions  should  be 
of  particularly  great  value  in  eases  that  are  theoretically  difficult 
to  treat  such  as  the  drift  of  aolecular  ions  in  aolecular  gases , 
including  the  effect  of  inelastic  collisions  Md  related  effects  at 
very  higi  values  of  E/p. 

9.  Afterglow  Studies  of  the  Population  of  Excited  Atonic  Md  Molecular 
8tatcs  by  Vibrational  Energy  Transfer  (e.  C.  Zipf)  (Task  d).~ 

Our  efforts  in  this  area  have  been  directed  into  two  channels 
(l)  Measurements  of  the  absolute  cross  sections  for  the  excitation 
numerous  air  glow  Md  auroral  emission  features  due  to  electron  inpact 
on  vibration  ally  excited  Og  Md  These  experiaents  are  iaportMt 
in  our  auroral  worts  Md  central  to  the  aagnetic-cusp  rocket  experiaents 
(see  itea  lk)  that  we  will  launch  froa  OreenlMd.  (2)  We  have  been 
studying  the  process 

(0g4)«  ♦  o2  -  o2(  XL)  ♦  o24 

which  hM  been  propoeed  by  Walker  to  explain  the  Moaalous  excitation 
of  the  state  in  the  auroral  tone  Md  we  have  obtained  preliminary 
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evidence  which  supports  Walter's  contention  that  this  process 
proceeds  eery  rapidly  (k  ~  10‘10  cmVstc). 

10.  Tins  of  Flisht  Expert nents  (E.C.  2ipf)  (Tasks  b  and  d). 

We  haws  continued  to  investigate  the  properties  of  netastable 
atoas  and  molecules  and  Rydberg  States  using  translational-energy 
spectroscopy.  These  studies  lead  to  cross  section  values  for  the 
basic  collision  processes,  to  the  identification  and  location  (in 
absolute  energy  as  a  function  of  the  intemuclear  separation)  of 
hitherto  wknown  Molecular  states,  to  the  evaluation  of  radiative 
lifetimes,  to  the  determination  of  the  Auger  y-coefficient  for  a 
variety  of  detector  surfaces  (at  room  and  elevated  teaperature) , 
and  to  the  neasureaent  of  quenching  coefficients  for  excited  states 
at  relative  l^iaet  velocities  (affective  temperatures)  not  observable 
in  conventional  aany-body  experiments.  The  latter  studies  are 
particularly  interesting  in  the  light  of  our  in  situ  auroral  studies. 
Sobs  of  our  current  results  and  their  iqilications  are  summarised  below 
(a)  Translational  Spectroscopy  of  Fast  Metastable  Frag¬ 
ments  Produced  by  Electron  Impact  Dissociation  of 
Atmospheric  Oases.  Atmospheric  gases  (Og,  Eg,  CO, 

COg)  have  been  bombardei  by  a  pulsed  electron  beam 
in  the  0  -  300  eV  energy  range  and  the  resulting 
netastable  fragments  were  detected  by  means  of  Auger 
ejection  of  secondary  electrons  from  a  metal  surface 
in  a  time  of  flight  experiment.  The  velocities  of  the 
dissoclatively  excited  fragments  were  found  to  be  non- 
thermal ,  with  some  fragments  having  as  much  as  10  eV 
in  kinetic  energy.  Cross  sections  for  the  production 
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of  slow  (0.1  -  0.3  eV)  fragments  rapidly  reached  their  aaxinua 
value*  in  the  20  -  30  eV  region  and  fell  off  slowly  out  to 
300  eV  whereas  the  cross  sections  for  the  production  of  fast 
(1  -  10  eV)  fragments  rose  steadily  fron  threshold  to  a  peak 
around  100  eV  and  then  fell  off.  These  cross  sections  are  large 
and  iqply  that  the  presence  of  fast  excited  atons  oust  be  taken 
into  account  in  the  upper  ataosphe re ,  particularly  under  auroral 
conditions  where  dissociative  excitation  plays  a  major  role. 

B.  Ground  Based  Observations.  Rocket  and  Satellite  Kcasureaents ,  and 
Atronoacr  Calculations . 

11.  Optical  Interferons ter  Studies  of  Barium  Releases  (M.A.  Biondl )  (Task  g) . 

The  observations  of  neutral  barlua  spectral  line  profiles 
and  intensities  obtained  in  Alaska  in  1969  and  in  Florida  in  1971 
yield  information  on  the  initial  photoionization  history  of  sunlit 
barlua  clouds.  During  the  report  period,  a  fairly  siaple  coaputer 
prograa  dealing  with  the  tiae  history  of  ten  "species"  -  6  states 
of  neutral  barium  the  barlua  ion  (electron),  and  barlua  oxide  -  has 
been  developed  which  includes  relevant  populating  and  depopulating 
mechanises  for  each  of  the  "species".  Radiation  transport  erfects 
are  neglected  in  this  approxi nation.  The  qualitative  features  or 
soae  of  our  interferoaeter  obser  rations  of  the  neutral  barium 
behavior  are  reproduced  when  values  for  the  relevant  atonic  collision 
rates,  such  as  those  postulated  by  G.  Best,  are  used.  The  computer 
cod*  appears  useful  for  fixing  allowable  values  for  soae  of  the  key 
reaction  rates. 

12.  Optical  Photometer  Studies  of  Mlghtglow  Ionospheric  Modifications . 

(M.  A.  Biondl )  (TaaiTinr 

Using  our  observations  of  the  *6300  intensity  transients 
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induced  in  the  F-region  of  th‘_  ionoephere  by  the  turning  on  and  off 
of  t  1.6  Nr  ground-baaed  transmitter  ve  have  been  able  to  determine 
the  in-altu  lifetime  of  the  0(  lD)  atone  aa  a  function  of  altitude 
over  the  range  225-300  km.  The  natural  lifetime  ("'llO  aec)  of  the 
0(  lD)  atate  la  reduced  by  Hg  quenching  at  theae  altitude  a ,  Ualng 
a  model  atmoaphere  for  the  Ng  density,  ve  obtain  a  value  for  the 
quenching  coefficient,  —  (5  t  2)  x  10-Ii  cm3/aec,  independent 

of  altitude.  This  value  la  in  excellent  agreement  with  laboratory 
valuea. 

13.  Meaaurenent  of  the  Ionlaed  and  Neutral  Conatltuenta  of  the  Atmoaphere 
(T.M.  Donahue  and  E.  C.  Zlpf )  (Taak  h). 

He  continue  with  our  analyair  of  two  highly  successful 

Bounding  rocket  atudlea  of  the  tranalent  ionosphere.  The  instrumentation 

on  board  both  vehicles  Included  a  quadrupole  mass  spectrometer  that 

measured  the  local  Ion  and  neutral  composition  of  the  upper  atmoaphere, 

tvo  hemispherical  analysers  for  measuring  the  photoelectron  energy 

distribution  in  the  datm  and  twilight  ionosphere,  a  cylindrical  prbbe 

for  electron  temperature  and  density  measurements ,  and  a  planar  total 

positive  ion  probe.  These  particle  experiments  were  complemented  by 

a  1/k-meter  Ebert  monochromator  that  scanned  the  VUV  dayglov  spectrum 
o  e 

from  1150A  to  1500A  and  six  filtered  photometers  that  measured  the 
overhead  Intensity  of  a  variety  of  airglov  features. 

The  dawn  experiment  (Aerobee  170  rocket  13. 46  U  A)  was 
particularly  interesting  because  it  took  place  during  a  major  solar 
flare  and  revealed  the  presence  of  substantia}  concentrations  of 
0  ions  in  the  F  region.  This  ion  is  not  a  ..ormal  F  region  constituent, 
although  it  has  been  observed  occasionally  by  high-altitude  satellites. 
Our  data  suggest  that  heavy  particle  bombardment  may  be  the  source 
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of  this  Ion. 

By  contrast  our  twilight  experiment  (Aerobee  350  rocket 
17.09  UA),  which  carried  a  payload  weighing  nearly  700  lbs.  to 
350  kn,  was  performed  under  very  quiet  conditions.  All  instruments 
on  board  worked  to  perfection  and  we  are  studying  these  results 
now. 

Our  analytic  activities  are  balanced  by  the  intensive 
preparations  for  our  return  to  Fort  Churchill  to  study  the  aurora 
and  to  attempt  to  verify  our  earlier  NO  observation.  Two  rockets 
are  being  prepared  for  this  task:  an  Aerobee  150  and  a  Nike-Apache. 

Both  rockets  will  carry  a  dual  mode  mass  spectrometer  equipped  with 
complementary  cylindrical  and  planar  probes.  The  Aerobee  payload 
will  also  include  a  liquid  nitrogen  cooled  1/U-meter  monochromator 
for  infra-red  out  to  5  microns.  The  normal  complement  of  visible  VUV  in¬ 
struments  that  we  have  flown  in  the  past  are  an  Important  part  of 
both  payloads. 

During  this  same  time  window  we  are  also  preparing  a  new 
payload  that  will  be  launched  next  summer  from  Wallops  Island,  Va. 
on  board  a  Javelin  rocket.  We  anticipate  a  minimum  peak  altitude 
of  800  km.  This  experiment  will  provide  the  first  test  of  a  new 
type  of  optical  mass  spectrometer  which  we  have  developed  as  the  re¬ 
sult  of  our  laboratory  experiments  (item  lb). 

We  have  also  embarked  on  a  new  series  of  rocket  exper¬ 
iments  that  will  be  launched  from  Greenland  in  collaboration  with 
the  Danish  Space  Agency  to  study  the  unusual  atmospheric  conditions 
that  occur  in  the  region  of  the  earth's  magnetic  cusp.  This  is  a 
natural  ex  ansi on  of  our  auroral  and  disturbed  ionosphere  work  and 
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ties  in  my  veil  with  our  laboratory  studies  of  hot  atom  chemistry 
(item  9  and  10). 

lb.  Distribution  of  Oases  in  the  Mesosphere  (T.M.  Donahue  and  E.C.  Zlpf) 
(Task  f)7 

Our  analysis  of  000-6  photometer  data  continues.  A  paper 
describing  01  *5577  measurements  is  being  prepared  and  will  be 

submitted  for  publication  shortly.  The  data  relating  to  the 
excitation  of  sodium  D  lines  and  the  noetilueient  clouds  is  being 
analyzed  and  reviewed. 

Plans  for  an  elaborate  mesospherie  rocket  experiment  which 
would  measure  the  concentration  of  Kg,  Og,  H,  0,  HO,  OH,  0g(  VO, 

0g(  lE),  HgO  and  COg  at  D  region  altitudes  have  been  finalised  and 
portions  of  the  payload  constructed. 

C.  Theoretical  Studies 

15.  Semi-Empirical  Methods  for  Estimating  Reaction  Rates  (K.  Gerjuoy  and 
J.H.  Bards  ley)  (Task  e). 

(a)  Our  calculations  of  charged  particle-neutral  atom 
collision  cross  sections  using  the  Glauber  approximation  continue. 

The  papers  by  Thomas  and  Franco,  and  by  Thomas  and  Gerjuoy,  mentioned 
in  our  last  technical  report  as  having  been  submitted  for  publication, 
new  have  appeared.  In  addition,  we  have  completed  some  rather  de¬ 
tailed  calculations  on  the  polarisation  of  the  radiation  following 
electron  excitation  as  computed  in  the  Glauber  approximation.  A  paper 
on  this  subject,  whose  initiation  and  motivation  was  explained  in 
our  last  technical  report,  has  been  submitted  for  publication.  Since 
our  last  technical  report  we  also  have  published  (in  a  Letter  to  the 
Editor  by  Thomas,  Sheorey  and  Gerjuoy)  careful  comparisons  of  angular 
distributions  and  total  cross  sections  for  electron-hydrogen  collisions 
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computed  in  both  the  Oleuber  and  Vainahtein  approximations ;  the 
Vainshtein  approximation  has  been  favored  by  several  groups ,  including 
an  atomic  collision  group  in  Moscow,  who  developed  the  approximation. 

It  vaa  found  that  for  integrated  (over  angle)  elastic  or  inelastic 
cross  sections  the  Glauber  approximation  is  at  least  as  good  as  any 
of  the  many  (there  are  at  least  six)  versions  of  the  Vainshtein 
approximation,  while  the  Glauber  differential  croes  sections  are 
markedly  superior  to  the  Vainshtein  results.  For  computing  the 
polarisation  of  the  radiation  following  electron  excitation,  the  Glauber, 
Born  and  Vainshtein  are  about  equally  good,  and  are  quite  close  to 
the  observations  (by  Fite  and  co-workers  here  at  PASI)  in  the  energy 
range  30  eV  -  700  eV.  There  are  some  discrepancies  between  the 
computations  and  observations  at  the  higher  energies  (500  -  700  eV) 
measured,  which  suggest  further  experimental  and  theoretical  work 

an  these  polarisations  may  be  Instructive.  As  a  result,  a  student 

1 

(D.  Brocklebsnk),  has  been  assigned  the  task  of  computing  the  angular 
correlation  between  the  photons  following  excitation  and  the  outgoing 
scattered  electron,  in  the  Bora,  Vainshtein  and  Glauber  approximations. 

It  is  our  hope  that  these  predictions  will  be  sufficiently  different 
to  provide  (after  comparison  with  hoped-for  observations)  a  very 
sensitive  test  of  the  comparative  validity  of  the  three  approximations. 

We  are  proceeding  with  our  attempts  to  extend  the  applicability 
of  the  Glauber  approximation  to  the  scattering  of  electrons  and  protons 
by  atomic  systems  more  complicated  than  hydrogen.  A  suggested  procedure 
on  this  extension,  based  on  the  closed  form  Glauber  solitudes  derived 
and  published  by  Genjuoy  and  Thomas,  has  appearsd  (in  Physical  Review 
Letters  by  V.  Franco).  However,  we  believe  that  Franco's  procedure 
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•till  involves  for  too  such  computational  effort,  end  ve  are  continuing 
to  seek  a  method  which — for  these  more  conplicated  collie ions — requires 
not  nuch  sore  computer  tine  than  do  the  electron-hydrogen  Olauber 
calculations. 

Ve  are  pleased  to  report  that  oust  work  on  the  Glauber 
approximation  was  the  subject  of  an  Invited  paper  (by  X.  Gerjuoy) 
at  the  Vllth  International  Conference  on  the  Physics  of  Electronic 
and  Atomic  Collisions)  Amsterdam,  July,  1971. 

(b)  The  vor  on  the  theoretical  studies  of  ionisation  and 
excited  state  populations  in  Ba  plasmas  continues,  but  reliable 
numerical  results  are  disappointingly  slow,  and  ve  are  considering 
terminating  these  calculations. 

(c)  The  quantum  defect  calculations  by  V.B.  Sheorey,  whose 
submission  for  publication  was  mentioned  in  our  last  Technical 
Suamary  Report,  has  appeared. 

(d)  A  thorough  review  of  the  theory  of  rotational  excitation 
of  homonuclear  diatomic  molecules  by  slow  electrons  (by  X.  Gerjuoy 
with  D.  Golden,  Heal  Lane  and  A.  Tonkin)  has  been  completed  and 
accepted  for  publication  by  the  Reviews  of  Modern  Physics. 

(e)  Our  studies  of  the  effects  of  potential  barriers  on 
thermal  collisions  have  been  concentrated  on  the  processes  leading 
to  the  formation  of  molecules.  We  have  shown  that  the  presence  of 
a  high  barrier  doss  not  necessarily  prevent  molecular  formation. 

Indeed  in  some  cases  the  reaction  rate  may  be  enhanced,  as,  for 
example ,  for  CH  formation  by  radiative  association,  and  Hg  formation 
by  three-body  recombination. 

(f)  Our  calculations  on  dlelectronic  recombination  involving 
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electrons  end  highly  charged  lone  hare  been  completed  and  the 
results  hare  been  accepted  for  publication.  We  concluded  that 
experimental  studies  of  these  reactions  are  feasible  and  would 
be  useful  as  a  check  on  the  theory  of  this  Inportent  recombination 
process. 

(g)  Our  prograa  for  calculating  cross  sections  for 
electron-atom  collisions  using  variational  techniques  is  being 
continued.  In  collaboration  with  Drs.  Tonkin  and  Bhatla  of  the 
Goddard  8pace  Center,  in  Maryland,  we  hare  b**n  studying  resonant 
scattering  of  electrons  by  helium.  This  work,  vhlch  is  essentially 
completed,  has  1  n voire d  extension  of  the  theory  of  projection 
operators,  and  has  gieen  numerical  results  to  eoapare  with  the 
experimental  work  which  is  at  the  forefront  of  high  resolution 
electron  collision  studies.  We  hare  obtained  the  physical  parameters 
of  the  well-known  resonsnee  at  19.3  eV.  W#  hare  strong  erldenee  that 
some  other  oscillations  which  hare  been  observed  in  the  cross  section 
near  19.5  eV  cannot  be  due  to  a  resonance,  and  must  be  caused  by  some 
spurious  experimsntal  offset.  We  Intend  to  study  the  19.3  eV  resonsnee 
further,  using  the  complex  energy  method,  since  reliable  theoretical 
results  on  this  resonance  are  needed.  This  is  because  the  resonance  is 
used  for  calibrating  the  average  energy  of  electron  beams,  and  could 
possibly  also  be  used  for  studying  the  energy  profile  of  high 
resolution  beams. 

Although  the  standard  variational  techniques  provide  the 
most  accurate  means  of  calculating  cross  sections  they  do  not  in  general 
provide  an  estimate  of  the  error  of  a  particular  calculation.  This  is 
a  serious  problem  in  applications  to  large  systems.  We  hare  begun  an 
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Investigation  of  ths  alnlaua  vmrlaneo  technique,  which  not  only  gives 
an  indication  of  the  error  inherent  in  a  trial  vave  function,  but  also 
gives  a  slaple  prescription  for  loosing  between  trial  vave  functions 
of  different  types. 

(h)  Our  studiss  of  atoaatca  and  lon-atca  Interactions 
are  continuing.  VS  ain  to  calculate  the  cross  sections  for  charge 
transfer  and  electronic  excitation  in  Li*-Li  collisions,  and  hava 
obtained  the  potential  curves  and  Interaction  Matrix  elensnts  needed 
in  this  calculation.  Vs  are  nor  studying  the  particle  trajectories 
and  will  then  solve  the  coupled  differential  equations  which  govern 
the  states  of  the  atone  as  they  acre  along  those  trajectories. 

Our  conputsr  prograa  for  applying  the  pseudopotential 
aethod  to  the  calculation  of  lnteratcadc  potentials  has  been  written, 

but  it  has  not  yet  been  fully  tested.  Calculation  of  electron  lapaet 
cross  sections  for  Be*,  Hg*,  Ca*  and  Ba*  will  soon  be  initiated  by 
this  technique ,  and  a  graduate  student  is  being  trained  to  carry 
through  this  project. 


II .  Publications  and  Technical  P*«— ntations 


A.  Publications 

"Calculation  of  th*  Width  of  I arrow  Shape  Raionaaoaa",  R.  A.  Bain 
and  J.  V.  Bardsley,  to  be  published  in  J.  Chen.  Phys •  (1971). 

"Dialect ronic  Becoabination  of  Highly  Charged  Ions"*  R.  A.  Bain 
and  J.  I.  Bards ley ,  to  be  published  in  Physics  batters  (1971). 

"Shape  Resonances  in  AtotAtoa  Collisions  I.  Radiative  Association", 

R.  A.  Bain  and  J.  R.  Bards  ley,  submitted  to  J.  Phys.  B:  Aton.  Molec. 
Phys. 

"Twilight  and  Vlghttlae  Ionospheric  Te^oratures  fron  Oxygen 
16300  and  15577  Spectral  Line  Profiles",  V.A.  Feibelman,  R.D.  Hake,  Jr., 
D.P.  Sipler  and  N.A.  Blondi.  •  J.  Oeophys.  Res.,  to  be  published. 
"Planetary  Exploration  Aoconplishaents  and  Goals",  T.  M.  Donahue, 

Rst.  of  Oeophys.  and  8paee  Sei.,  £.*  Vo.  1  (1971). 

"CoMante  on  the  Excitation  of  the  Oeocoronal  Ha  lightglow" ,  T.N.  Donahue 
Planet.  8paoe  Sei.,  to  be  published. 

"Aeronoay  of  C02  Atnospherss:  A  Review”,  T.N.  Donohue,  J.  Atnoe.  Sei. 
"fleet ran  Capture  and  Loos  in  Collisions  of  Heavy  Ions  with  Atonic 
Oxygen",  V.  L.  Fite,  H.  H.  Lo,  L.  Kursweg,  and  R.  T.  Braekaann, 
to  be  published  in  Phys.  Rev.,  October,  1971. 

"Lyaan-Alpha  talas ion  Induoed  by  the  Collisions  of  Electrons  with 
Molecular  Rydrogen?  V.  L.  Fite,  W.  I.  Ksuppila,  P.  J.  0.  Tehbner 
and  R.  J.  Oirelus,  J.  Chen.  Phys.  ££,  1670-1672  (1971). 

"The  At on-Molecule  Reaction  D  ♦  Hg  ♦  HD  ♦  H  Studied  by  Molecular 
V.  L.  Fite,  J.  Geddas  and  H.  F.  Krause,  to  be  published. 
"Excitation  of  a  D-line  Radiation  in  Collisions  of  Sodiun  Atoan  with 
Internally  Excited  H2,  Dg  and  I2",  V.  L.  Fite,  J.  Fricke  and  H.  F.  Krause 
to  be  published. 


25 


"Mass  and  Phase  Spectrometry  of  a  Water  Vapor  Jot",  V.  L.  Fits, 

J.  Fricks  and  V.  M.  Jackson,  submitted  aa  a  Iota  to  J.  Chaa.  Phys. 

"Lav  Energy  Electron-Molecule  Scattering  Experiments  and  the  Theory 
of  Rotatioaal  Excitation",  E.  Oerjuoy,  p.  Golden,  I.P.  Lana  and 

A.  Teakin,  to  be  published.  Per.  Nod.  Fhys. 

"Comparisons  of  the  Glauber  and  Vainshtein  Approximation  for  Inalaatie 
Electron-Hydro gan  Scattering"*  E.  Oerjuoy,  B.  K.  Thoams  and  V.  B. 
Sheorey ,  J.  Phya.  B:  Aten.  Mol.  Phya.  k,L57-6l  (1971) • 

"Use  of  the  Olauber  Approximation  in  Atonic  Collisions.  A  Progress 
Report",  E.  Oerjuoy,  to  be  published  in  the  Proceedings  of  the 
Seventh  International  Conference  on  the  Physics  of  Electronic  and 
Atonic  Collisions",  Amsterdam,  July,  1971  (Berth  Holland  Publishers ) . 
"Olauber  Calculations  of  Polarisation  of  Iyman-e  Resulting  from 
e”-H(ls)  Collision",  E.  Oerjuoy,  B.  K.  Thoams  and  V.  B.  Sheorey, 
submitted  to  J.  Fhys.  B:  Atom.  Mol.  Fhys. 

"Quantum  defects  for  He  I  and  Li  IIN,  V.  B.  Sheorey,  J.  Phya.  B: 

Atom.  Molee.  Fhys.,  k,  Lkk-k?  (1971). 

"Olauber  Amplitudes  in  Charged  Particle  Hydrogen  Atom  Collisions", 

B.  K.  Thomas  and  E.  Oerjuoy,  J.  Nath.  Phys.  12,  1567-1576  (1971). 
"Elastic  and  Inalaatie  Scattering  of  Protons  by  Hydrogen  Atoms”, 
Victor  Franco  and  B.  K.  Thomas,  Fhys.  Rev.  A  k,  9k5-95k  (1971). 

"Water  Cluster  Formation  Rates  of  BO*  in  He,  A r,  Ig  and  Og  at  296°K", 

C.  J.  Howard,  H.  W.  Run  die,  and  F.  Kaufman,  J.  Chen.  Phys.,  to 
be  published. 

"Reactions  of  Metaatable  nitrogen  Atoms,  C.  L.  Lin  and  F.  Kaufman, 

J.  Chen.  Fhys.,  to  be  polished. 
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"Excitation  of  th*  CO  Fourth  Positive  Band  System  by  Electron  Impact 
on  Carbon  Monozids  and  Carbon  Dioxide" ,  N.J.  Ikana,  E.J.  Stone 
and  E.C.  Zipf t  J.  Chen.  Phye.  Eo.  6,  2f27  (1971). 

"Deactivation  of  i2  kh^  Molecule*  in  the  Aurora",  T.M.  Donahue, 

E.  C.  Zipf,  and  D.  E.  Sheaansky,  Trana.  AOU,  £2,  309  (1971). 

"Differential  Electron  Flux  as  Determined  by  Auroral  Observations 
of  th*  I2  Positive  and  M*  Systeas",  D.E.  Shenansky,  T.M.  Donahue, 
and  E.C.  Zipf,  Trans.  AOU,  £2,  30$  (1971). 

"Excitation  of  th*  0I(3S)  and  0l(  5s)  States  by  Electron  Impact  oa 
0  and  02  in  th*  Aurora",  E.  C.  Zipf,  E.J.  Stone,  M.  J.  Ntnaa,  V.C. 

Wells  and  V.  L.  Borst,  Dayglo*  and  EEUV,  Trans.  AOU,  £2,  306  (1971). 
"Deactivation  of  l2  A3Eu+  Molecules  in  th*  Aurora",  D.  E.  Sheaansky, 

E.  C.  Zipf,  and  T.  M.  Donahue,  Planetary  Space  Sei.,  in  press,  (1971). 
"Excitation  of  th*  Olt^)  and  IX (%P)  Resonance  States  by  Electron 
Impact  on  0  and  I",  E.J.  8ton*  and  E.C.  Zipf,  Phya.  Rev.  A  k,  610 
(1971). 

"Von-Thonaal  Rotational  Population  of  th*  C0(A  %)  State  Produced 
by  Dissociative  Excitation  of  COg  by  Electron  Xapaet",  M.J.  Nuaaa, 

E.J.  Stone  and  E.C.  Zipf,  Proceeding*  of  th*  Seventh  International 
Conference  on  th*  Physios  of  Electronic  and  Atonic  Collisions,  p.  856 
North  Holland  Publishing  Company,  Amsterdam,  (1971). 

"Production  of  Energetic  Long-Lived  High-Rydberg  States  of  Atonic 
Nitrogen  by  Electron  Xapaet  Dissociation  of  l2",  V.C.  Veils,  V.L.  Borst 
and  E.C.  Zipf,  Proceedings  of  th*  Seventh  International  Conference  on 
th*  Physics  of  Electronic  and  Atonic  Collisions,  North  Holland  Publishing 
Company,  p.  576,  Amsterdam  (1971). 

"Excitation  of  th*  Warner  Bands  of  H2  by  Electron  Impact",  E.J.  Stone 
and  E.C.  Zipf,  submitted  to  the  Physical  Review  (1971). 
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"Electron-Inpact  Excitation  of  litrie  Oxide",  I.  J.  Stone  end 
K.  C.  Zipf ,  submitted  to  J.  Chen.  Phya.  (I97l). 

"The  Auroral  Intensity  Ratio  of  0I(630QA)  end  0I(5577A)", 

T.  D.  Parkinson  end  E .  C.  Zipf,  Plenet.  Space  Sci.,  1^,  267  (1971). 
B.  Technical  Presentations 

"Resonant  Scattering  in  Atoade  Physics",  J.l.  Bardsley,  Seainar  talk 
at  the  University  of  Connecticut,  Nay  13,  1971. 

"Atosdc  Collision  Studies  of  Relevance  to  Planetary  Ataoepheres 
and  Inter-Stellar  Space",  J.lf.  Bardsley,  Sesdnar  talk  at  Harvard 
College  Observatory,  Nay  1*»,  1971. 

"Resonant  States:  Their  Calculation  and  Slpilflcanoe",  J.l.  Bardsley 
and  R.  A.  Bain,  paper  at  the  Seventh  International  Conference  on  the 
Physics  of  Electronic  and  Atonic  Colli  a  lone  (ICPEAC) ,  Aneterdan, 

July  30,  1971. 

"Recoafc ination  of  Electrons  vith  Positive  lone  of  the  HjOMHgO)^ 
Series",  invited  paper  presented  by  R.  Johnson  at  the  COSPAR  fly»- 
posiun  on  the  D  and  E  Regions  of  the  Ionosphere,  Urbane,  Illinois. 
"Positive  Ion  Chenistry  of  the  D  and  E  Regions”,  revise  paper 
presented  by  T.  M.  Donohue  at  the  Sjnqpoeive  on  D  and  E  Region  Ion 
Chenistry,  University  of  Illinois,  July  6-8,  1971* 

"Ionosphere ,  D  and  E  Region",  T.  N.  Donahue,  invited  paper  at  the 
IUOO  General  Assembly,  1971,  Seattle,  June  18-21. 

"The  Tenperature  Dependence  of  Dissociative  Ionisation  of  COg" , 

V.  L.  Pita,  Invited  paper  at  the  Seventh  International  Conference 
on  the  Physios  of  Electronic  and  Atonic  Collisions,  Anaterdan,  1971. 
"Reactive  Scattering  of  Ba  by  Og  in  a  Crossed  Been  Experinsnt" , 

V.  L.  Fite,  Seventh  International  Conference  on  the  Physics  of 
Electronic  and  Atonic  Collisions,  Aneterdan,  1971. 
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"Thermal  Isa ergy  Reactions  between  HO  Ions  and  Natal  Atom" , 

V.  L.  Pita,  Invited  papar  at  the  DASA  High  Altltuda  luelaar 
Effaets  Synpoeiun,  Stanford  Research  Inatituta,  September,  1971. 
"Applications  of  Olaubar  Theory  to  Atonic  Collisions",  E.  Oerjuoy , 
Saainar,  Louisiana  Stata  Uhi varsity,  Nay  11,  1971. 

"Applications  of  Olaubar  Theory  to  Atonic  Colli alons",  E.  Oerjuoy, 
Saninar,  Sandla  Laboratories,  Albuquerque ,  E.  Mexico,  Nay  13,  1971. 
"Applications  of  Olaubar  Theory  to  Atonic  Collisions",  E.  Oerjuoy, 
Saninar,  University  of  California,  San  Diego,  California,  Nay  lfc, 

1971. 

"Applications  of  Olaubar  Theory  to  Atonic  Collialona",  E.  Oerjuoy, 
Saninar,  Uhivorsity  of  California,  Berkeley,  California,  Nay  17,  1971. 
"Applications  of  Olaubar  Thaory  to  Atonic  Collisions",  E.  Oerjuoy, 
Saninar,  Indiana  University,  Bloosrtngton,  Indiana,  My  20,  1971. 

t 

"Use  of  tha  Olaxiber  Approximation  in  Atonic  Colllaions.  A  Prograa 
Report",  E.  Oarjuoy,  invited  papar.  Seventh  International  Conference 
on  tha  Physics  of  Electronic  and  Atonic  Colllaions,  Anstardan, 

July,  1971. 

"Oaa  Phase  Ion-Molecule  Reactions  Involving  Water" ,  F.  Kaufman , 
Colloquium,  Rational  Bureau  of  Standards,  Oaitharsburg,  Md. , 

April  8,  1971. 

"ROg  Fluore seance  and  0  ♦  HO  Chaniluninascance" ,  F.  Kaufnan, 

Saninar,  Georgetown  Uhl  varsity,  Washington,  D.C. ,  April  8,  1971. 

"Oas  Phase  Hydrogen  Atoa  Rseonbinatlon" ,  F.  Kaufnan,  Saainar, 

Physical  and  Inorganic  Oroup,  Anerlcan  Chemical  Society,  Plttaburgh, 
Pa.,  Nay  19,  1971. 
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'Production  of  Energetic  Long-Lived  Hlgb-Rydberg  States  of  A  toad  c 
Nitrogen  by  Electron  lapaet  Dissociation  of  ig  ,  V.  C.  Wells, 

W.  L.  Borst  and  E.  C.  Zipf,  Proceedings  of  the  Seventh  International 
Conference  on  the  Physics  of  Electronic  and  A  toad  e  Collisions, 

North  Holland  Publishing  Co.  (Ansterdan,  1971)  p.  $76. 

"Non-Theraal  Rotational  Population  of  the  C0(A*R)  State  Produced 
by  Dissociative  Excitation  of  C02  by  Electron  lapaet",  Proceedings 
of  the  8eventh  International  Conference  on  the  Physics  of  Electronic 
and  Atonic  Collisions,  North  Holland  Co.  (Ansterdan,  1971)  p.  858. 

C.  Other  Activities 

J.N.  Bards ley  and  B.  R.  Junker  have  continued  the  collaboration 
vith  the  Goddard  8pace  Center's  group  for  Theoretical  8tudles, 
end  have  aade  several  visits  to  Washington  for  consultations. 

M. A.  Biondi  participated  in  Secede  8uener  Study  at  Albuquerque , 

N. N.  in  July,  1971. 

M.A.  Biondi  participated  in  the  Ivory  Coral  Technical  Planning 
Meeting  at  Albuquerque,  N.M.  in  August,  1971. 

M.A.  Biondi  participated  as  a  nsaber,  Advisory  Coandttee  on  Physics 
of  the  National  Science  Foundation  in  April,  1971. 

T.M.  Donahue,  Trustee,  Upper  Atnosphere  Research  Corp. 

T.M.  Donahue  participated  in  the  Outer  Planets  Study  at  Woods 
Hole,  Mass.,  August  1971. 

T.M.  Donahue,  Nsaber,  Science  Steering  Group  for  Outer  Planets 
Mission, 

T.M.  Donahue,  Nsaber,  Advisory  Panel,  for  Ataoepherle  Sciences, 
Division  of  Environnental  Sciences,  National  Science  Foundation. 
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V.L.  Pit*  •  co-authoring  a  chapter  of  the  DASA  Reaction  Rate 
Handbook  entitled  "High  Energy  Heavy  Particle  Collisions" , 
with  A.  V.  All  end  J.  Green*. 

V.L.  Pit*  attended  meeting  of  Research  Advisory  Coanittee  for  Office 
of  Advanced  Research  and  Technology  at  RASA. 

P.  Kaufman  was  invited  to  attend  an  AROD  Review  "Gaseous  Interactions 
and  Plasaa  Physics",  at  El  Paso,  Texas  on  April  21  and  22,  1971 
and  chaired  one  of  its  technical  sessions. 

P.  KaufUan  was  outside  examiner  at  the  Ph.D.  thesis  examination  of 
Nr.  George  Spindler  at  York  University,  Toronto,  on  Nay  3,  1971. 

P.  Kaufman  attended  a  technical  aseting  on  ultraviolet  emission 
at  the  Institute  for  Defense  Analyses  on  July  27,  1971. 

P.  Kaufman  was  an  invited  msaber  of  the  ad  hoc  Panel  on  the  (HO^-Oson* 
Problem  of  the  Rational  Academy  of  Selene*  >  mi  July  29,  1971. 

P.  Kaufman  attended  the  SNA  High  Altitude  Huclear  Effects  Symposium 
at  the  Stanford  Research  Institute  on  August  10-12,  1971. 

P.  Kaufman  was  invited  to  attend  the  General  Notors  Symposium  on 
Emissions  from  Continuous  Combustion  Systems  at  Warren,  NLchigan 
on  Septeaber  27  and  28,  1971,  and  to  be  the  diseussor  of  on*  of  its 
papers. 

P.  Kaufman  attended  meetings  of  the  Executive  Coanittee  of  the  Pittsburgh 
Section  of  the  American  Chemical  Society  on  June  28  and  September  8, 

1971. 

III.  Visiting  Scientists 

Dr.  David  Spence,  Argonne  Rational  Laboratory 
Professor  Ugo  Pano,  University  of  Chicago 
Dr.  R.  Schoen,  Rational  8elene*  foundation 
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Professor  Dr.  J.  Kistenaker,  POM  Laboratory  for  Atonic  and  Molacular 
Physios*  Aasterdan. 

Dr.  M.  P.  R.  Mulcahy,  CSIRO,  Chatseood,  I.S.V.,  Australia, 

Saptaabar  3,  1971. 

Dr.  Robert  Schaeffer,  Johns  Hopkins  University. 

IV.  Da areas  Awarded 

D. P.  8ipler,  Ph.D. ,  Saptaabar,  1971. 

B.  Ouenthar ,  Ph.D.,  8aptaabar,  1971. 

R.  Hiaaan,  Ph.D.,  Saptaabar,  1971. 

L.M.  Clendenninc,  Ph.D.,  August,  1971.  (Subject  to  revisions  in  thesis). 

E. J.  Stone*,  Ph.D.,  Tune,  1971. 
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Senior  InTf  tlgmtor  Eat.  Punda 

J.  H.  Bardalay 
N.  A.  Blond! 

T.  N.  Donahue 
V.  L.  Pit* 

E.  Qarjuoy 
P.  Kaufnan 
E.  Zipf 

Total  Expanded  and  Conaltted 

Aval labia  Punda 

Eatlaatad  Raaalninc  Punda 
aa  of  10/1/71 

UnlYaraity  Account inc  of  Punda 

Expandad  aa  of  9/30/71 

Aral labia  Punda 

Raaalninc  Punda  aa  of  10/1/71 
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>ndad  and  Coaalttad  (Thouaanda) 
22.1 
278.8 
254.0 
262.2 

253.4 
264.6 

260.4 


1.595.5 

1.649.9 


1,586.9 


